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Abstract 
In the present work an attempt has been made to investigate the effect of wire electric 
discharge machining (WEDM) process parameters on the multiple performance 
characteristics while machining of Aluminium metal matrix composite (AMMC). A series of 
experiments were done as per the standard Taguchi’s L27 orthogonal array by considering 
pulse-on-time (Pon), pulse-off-time (Poff) and peak current (Ip) as the controlled process 
parameters at three levels. The multiple responses of material removal rate (MRR) and 
surface roughness (Ra) are optimized concurrently using a multi-criteria decision making 
process called preference selection index (PSI) method. ANOVA is employed to study the 
contribution of process parameters on the multiple responses. 
 
Keywords: Material Removal Rate (MRR), Surface Roughness (Ra), ANOVA, Preference 
Selection Index (PSI) method. 
 
INTRODUCTION 
In recent days, the demand for Aluminium 
metallic matrix composites (AMMCs) has 
been multiplied in particular in case of car 
and aerospace industries due to their 
inherent houses like light weight, high 
strength, low thermal enlargement 
coefficient and high wear resistance and 
many others. Ceramic particles like SiC, 
Al2O3 and B4Care used as the 
reinforcement elements in AMMCs in 
order to improve the mechanical and 
thermal properties. While machining of the 
composites, the common problem that 
frequently encounters is high tool wear to 
avoid this many non-traditional machining 
operations are available like water jet and 
laser beam but these are very expensive to 
use. Wire electric discharge machining 
(WEDM) is a basic non-traditional process 
for machining of complex, hard and 
conductive materials. The WEDM 
removes unwanted material from the work 
piece by generating the sparks between the 
work piece and the electrode. In any 
machining process the material removal 
rate and surface finish are the two major 
performance characteristics as they reflects 
directly the production rate and the 
aesthetic appearance of the components 
respectively. Hence, it is customary to 
improve these two characteristics 
simultaneously by setting the suitable 
process variables. Many researchers were 
facing the problems in setting of optimal 
process parameters that suits for the 
multiple performance characteristics at a 
time. It is well known fact that the number 
of experiments to be done will increases as 
the number of parameters increases. Thus 
in order to reduce the total number of 
experiments taguchi has proposed a design 
called orthogonal array (OA) which helps 
in studying the entire parametric with a 
less number of experiments thereby 
reducing the total cost as well as time.  
 
The present work is to study the effect of 
WEDM process parameters on the 
responses while machining of AMMCs. 
The optimization was done by a multi-
criteria decision making method 
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preference selection index (PSI). ANOVA 
is employed to study the influence or the 
contribution of the process parameters on 
the multiple responses. Regression model 
has been developed and the predicted 
values are compared with the experimental 
values. 
 
EXPERIMENTAL DETAILS 
In the present work, the test specimen 
(composite) is made by combining 
aluminium alloy LM24 with SiC (5% of 
weight) as reinforcement element. The 
prepared composite is machined into 
rectangular pieces (200*70*7) on a five 
axis CNC-wire electric discharge machine 
(ULTRACUT 843). The pulse-time-on 
(Pon), pulse-time-off (Poff) and peak current 
(Ip) are selected as the process parameters 
at three different levels as shown in the 
table 1. The experiments were conducted 
by following the Taguchi’s standard L27 
(3^3) orthogonal array (OA) as shown in 
the table 2.  
 
Table 1.Process Parameters and Their 
Levels 
Parameter Level-1 Level-2 Level-3 
Pon, µs 100 105 110 
Poff, µs 45 50 55 
Ip, amp 10 11 12 
 
Table 2.L27 Orthogonal Array 
S.No. Pon Poff Ip 
1 100 45 10 
2 100 45 11 
3 100 45 12 
4 100 50 10 
5 100 50 11 
6 100 50 12 
7 100 55 10 
8 100 55 11 
9 100 55 12 
10 105 45 10 
11 105 45 11 
12 105 45 12 
13 105 50 10 
14 105 50 11 
15 105 50 12 
16 105 55 10 
17 105 55 11 
18 105 55 12 
19 110 45 10 
20 110 45 11 
21 110 45 12 
22 110 50 10 
23 110 50 11 
24 110 50 12 
25 110 55 10 
26 110 55 11 
27 110 55 12 
 
METHODOLOGY 
Preference selection method was 
developed by Maniya and Bhatt for 
solving the multi-attribute decision making 
problems. This method is useful when 
there is conflict in deciding the relative 
importance of attributes. The steps 
involved in are 
Step1: Define the objective, attributes and 
alternatives. 
Step2: Formation of the decision matrix 
based on the available information. 
Step3: Normalization of attributes 
𝑁𝑖𝑗 =
 
𝑋𝑖𝑗
𝑋𝑗
𝑚𝑎𝑥 ; 𝑓𝑜𝑟 𝑏𝑒𝑛𝑒𝑓𝑖𝑐𝑖𝑎𝑙 𝑡𝑦𝑝𝑒………...(1) 
𝑁𝑖𝑗 =
 
𝑋𝑗
𝑚𝑖𝑛
𝑋𝑖𝑗
; 𝑓𝑜𝑟 𝑛𝑜𝑛𝑏𝑒𝑛𝑒𝑓𝑖𝑐𝑖𝑎𝑙 𝑡𝑦𝑝𝑒…….(2) 
Where, Xij is the measured attribute for 
i=1,2,3,………..n and j=1,2,…………m. 
Step4: Calculation of mean value of the 
normalized data 
𝑁 =
 
1
𝑛
 𝑁𝑖𝑗
𝑛
𝑖=1 ……………………………(3) 
Step5: Finding of preference variation 
value from the mean value. 
φ𝑗 =  
  𝑁𝑖𝑗 −
𝑛
𝑖=1
 𝑁2……………………………….....(4) 
Step6: finding of deviation in the 
preference value. 
𝛺𝑗 =   1 −
 𝜑𝑗…………………………………(5) 
Step7: Finding the overall preference value 
for the attributes. 
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𝑤𝑗 =
 
𝛺𝑗
 𝛺𝑗
𝑚
𝑗=1
……………………………….(6) 
subjected to  𝑤𝑗 = 1
𝑚
𝑗 =1  
Step8: Preference selection index is 
calculated for each alternative by 
𝜃𝑗 =   𝑋𝑖𝑗 𝑤𝑗
𝑚
𝑗 =1  ………………..….(7) 
Step9: The value computed for the PSI 
i.e.𝜃, should now use for giving the 
ranking. The best alternative is the one 
with maximum value of  𝑃𝑆𝐼 (𝜃). 
 
RESULTS AND DISCUSSIONS 
The aluminium metal matrix composite 
(AMMC) is machined and the machined 
components were tested for the 
performance characteristics of material 
removal rate (MRR) and surface roughness 
(Ra) the results were given in the table 3. 
The obtained results are normalized using 
Eq (1) and Eq(2) given in the methodology 
the values were given in the table 4. 
 
Table 3.Experimental Results 
S.No. MRR Ra 
1 0.5237 1.1947 
2 0.5282 1.2094 
3 0.5647 1.2743 
4 0.6358 1.0582 
5 0.6680 1.0668 
6 0.7206 1.1152 
7 0.8095 0.9418 
8 0.8731 0.9561 
9 0.8788 0.9816 
10 0.3823 1.4551 
11 0.3986 1.5008 
12 0.3999 1.5178 
13 0.4793 1.2501 
14 0.5021 1.3361 
15 0.5455 1.3643 
16 0.6302 1.0769 
17 0.6667 1.0971 
18 0.6706 1.1061 
19 0.2519 1.5267 
20 0.2725 1.6186 
21 0.2727 1.6394 
22 0.3727 1.3305 
23 0.4129 1.3754 
24 0.4144 1.4488 
25 0.4948 1.2240 
26 0.4956 1.2343 
27 0.4979 1.3022 
 
Table 4.Normalized Values of the 
Responses (Nij) 
S.No. MRR Ra 
1 0.5959 0.7883 
2 0.6010 0.7787 
3 0.6425 0.7390 
4 0.7234 0.8900 
5 0.7601 0.8828 
6 0.8199 0.8445 
7 0.9211 1 
8 0.9935 0.9850 
9 1 0.9594 
10 0.4350 0.6472 
11 0.4535 0.6275 
12 0.4550 0.6205 
13 0.5454 0.7533 
14 0.5713 0.7048 
15 0.6207 0.6903 
16 0.7171 0.8745 
17 0.7586 0.8584 
18 0.7630 0.8514 
19 0.2866 0.6168 
20 0.3100 0.5818 
21 0.3103 0.5744 
22 0.4241 0.7078 
23 0.4698 0.6847 
24 0.4715 0.6500 
25 0.5630 0.7694 
26 0.5639 0.7630 
27 0.5665 0.7232 
 
The mean values of the normalized data of 
the performance characteristics are 
obtained using Eq(3) and the values are 
NMRR= 1.0214 and NRa= 1.2854. The 
preference variation values from the mean 
values obtained using Eq(4) are φMRR = 
5.6557 and φRa = 7.7890. The deviation in 
the preference value is obtained using 
Eq(5) are ΩMRR = -4.6557 and ΩRa = -
6.789. The overall preference values for 
the attributes are obtained by Eq(6) as 
wMRR = 04067 and wRa = 0.5932. Finally, 
the preference selection index (PSI) values 
for the each experiment was measured by 
Eq(7) and the values are given in the table 
5. From the obtained PSI values of the 
experiments, the ranking was given in the 
descending order of the PSI values.  
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Table 5.PSI and Ranking 
S.No. PSI Rank 
1 0.9215 22 
2 0.9322 17 
3 0.9855 9 
4 0.8862 26 
5 0.9044 23 
6 0.9545 12 
7 0.8878 25 
8 0.9221 20 
9 0.9396 14 
10 0.4253 27 
11 1.0523 4 
12 1.0629 3 
13 0.9364 15 
14 0.9967 8 
15 1.0311 5 
16 0.8951 24 
17 0.9218 21 
18 0.9288 18 
19 1.008 7 
20 1.0709 2 
21 1.0833 1 
22 0.9407 13 
23 0.9837 10 
24 1.0279 6 
25 0.9272 19 
26 0.9336 16 
27 0.9748 11 
 
 
Fig 1.Experiment Number Vs PSI 
 
The figure 1 shows the plot drawn between 
the experiments and the preference 
selection index values. From the plot it is 
observed  that the PSI value is higher for 
the 21
st
 experiment thus the optimal 
combination of process parameters for 
achieving the higher material removal rate 
and lower surface roughness concurrently 
is obtained at 110 µs of Pon, 45 µs of Poff 
and 12 amp of Peak current (Ip) 
respectively. 
 
Results of Response Surface Method 
(RSM) 
The correlation between the response 
values and the process variables can be 
studied using the regression model. The 
second order regression model for the 
response of preference selection index 
(PSI) values is prepared using MINITAB-
17 software and shown in the equation 8. 
 
PSI = 2.6 - 0.324 Pon + 0.299 Poff + 1.31 Ip 
+ 0.00174 Pon*Pon - 0.00100 Poff*Poff 
- 0.0344 Ip*Ip- 0.00079 Pon*Poff 
+ 0.00043 Pon*Ip - 0.01073 Poff*Ip……..(8) 
 
Analysis of Variance (ANOVA) 
Analysis of variance is conducted to test 
the significance of the process parameters 
on the multiple response of preference 
selection index (PSI). From the table 6, it 
is clear that the peak current is the high 
influencing factor and the pulse-off-time is 
the low influencing factor. The interaction 
effects were also studied and it is observed 
that the interaction between the pulse-off-
time and the peak current is contributing 
more compared to the other interactions. 
 
Table 6.ANOVA Results of PSI 
Source 
D
F 
Adj SS Adj MS F P 
Pon 1 
0.0211
01 
0.02110
1 
1.7
2 
0.20
8 
Poff 1 
0.0024
76 
0.00247
6 
0.2
0 
0.65
9 
Ip 1 
0.0747
81 
0.07478
1 
6.0
8 
0.02
5 
Pon * Pon 1 
0.0113
56 
0.01135
6 
0.9
2 
0.35
0 
Poff* Poff 1 
0.0037
58 
0.00375
8 
0.3
1 
0.58
8 
Ip * Ip 1 
0.0070
91 
0.00709
1 
0.5
8 
0.45
8 
Pon* Poff 1 
0.0046
77 
0.00467
7 
0.3
8 
0.54
6 
Pon * Ip 1 
0.0000
56 
0.00005
6 
0.0
0 
0.94
7 
Poff* Ip 1 
0.0345
40 
0.03454
0 
2.8
1 
0.11
2 
0
0.2
0.4
0.6
0.8
1
1.2
1 3 5 7 9 111315171921232527
Experiment No.
PSI
 
 
 
 
5 Page 1-7 © MAT Journals 2018. All Rights Reserved 
 
Journal of Recent Trends in Mechanics  
Volume 4 Issue 2 
Error 17 
0.2091
49 
0.01230
3 
  
Total 26 
0.3689
87 
   
 
The figure 2 is drawn to compare the 
experimental values and the predicted 
values from the model of PSI. From the 
figure it is clear that both values are 
followed the same pattern hence the model 
prepared is adequate and accurate. 
 
 
Fig 2.Comparison of Experimental Vs 
Predicted Values of PSI 
 
The plots shown in the figures 3 and 4 i.e. 
surface plots and contour plots for PSI 
explains the variation of PSI with the 
changes in the process parameters that are 
considered. From the plots it is concluded 
we need to choose the higher values of 
pulse-on-time (Pon) and peak current (Ip) 
and moderate values of pulse-off-time 
(Poff) respectively in order to achieve the 
higher values of the PSI. 
 
 
Fig 3.Surface Plots for PSI 
 
Fig 4.Contour Plots for PSI 
 
CONCLUSIONS 
 The optimal combination of WEDM 
process parameters for achieving the 
higher material removal rate and lower 
surface roughness concurrently is 
found at 110 µs of Pulse-on-time (Pon), 
45 µs of Pulse-off-time (Poff) and 12 
amp of Peak current (Ip) respectively. 
 The peak current is the high 
influencing factor and the pulse-off-
time is the low influencing factor in 
affecting the multi response value PSI. 
 From the surface and contour plots it is 
concluded that the higher values of the 
PSI can be achieved at the higher 
values of pulse-on-time (Pon) and peak 
current (Ip) and moderate values of 
pulse-off-time (Poff) respectively. 
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